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[57] ABSTRACT 

A semiconductor integrated circuit capable of electri- 
cally writing functions according to this invention com- 
prises a plurality of logical blocks capable of electrically 
writing functions and wire elements capable of pro- 
grammably connecting the logical blocks to each other. 
Each of the logical blocks includes a gate element as an 
output buffer having a control terminal. The gate ele- 
ment assumes a high impedance state when inputting a 
control signal to the control terminal. An output of the 
logical block is thereby made unable; or the respective 
logical blocks are directly wired-connectable to effect 
logical sum outputting. Alternatively, the gate element 
assumes two output states of an open drain output and a 
totem-pole output. Hence, in the semiconductor inte- 
grated circuit of this invention, it is possible to improve 
a gate using efficiency of the small-sized prograinmable 
logical blocks and attain a high-density and high-inte- 
grated programmable logic device. 

6 Claims, 11 Drawing Sheets 
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PROGRAMMABLE LOGIC DEVICE 

BACKGROUND OF THE INVENTION 

The present invention relates generally to a program- * 
mable logic device including a plurality of programma- 
ble logic elements and capable of arbitrarily connecting 
those programmable logic elements and, more particu- 
larly, to a semiconductor integrated circuit capable of 1Q 
enhancing a using efficiency of combinational logical 
units and flip-flops which are included in the program- 
mable logic elements. 

For example, a PLD (Programmable Logic Device) 
and a FPGA (Field Programmable Gate Array) have 15 
hitherto been known as programmable logic devices 
constructed so that an arbitrary logical circuit can be 
actualized by the user's writing logic as a kind of data in 
the form of program data. 

For instance, the conventional FPGA is composed 20 
mainly of: small-sized logical blocks (Programmable 
Logic Elements; PLEs) capable of programing logical 
functions; and wire elements capable of programmably 
connecting the small-sized logical blocks. FIG. 17 is a 
block diagram showing one example of, e.g., a field 25 
programmable gate array. 

As illustrated therein, the field programmable gate 
array includes a plurality of small-sized programmable 
logical blocks (hereinafter referred to as [logical 
blocks]) 10 and programmable wire means provided 30 
lengthwise and crosswise between these logical blocks 
10. The wire means have switch stations 20 capable of 
programmably connecting the logical blocks 10, I/O 
lines 22 extending from the switch stations 20 to the 
respective logical blocks 10 and inter switch station 35 
wires 24. Inputs and outputs of the respective logical 
blocks 10 are arbitrarily connectable through the wire 
means, i.e., the I/O lines 22, the switch stations (SS) 20 
and the inter SS wires 24. 

As described above, the small-sized logical blocks 40 
capable of programming the logical functions include a 
small number of I/O terminals. The user performs an 
operation to allocate the want-to- write circuits to the 
small-sized logical blocks just when writing to the field „ 
programmable gate array. 

If such allocations are executed, the circuit designed 
by the user is divided into a plurality of small-sized 
logical blocks for attaining the circuit function thereof. 
Reversely speaking, the plurality of small-sized logical 50 
blocks are connected through the programmably con- 
nectable wire elements, thereby achieving one circuit 
function. 

For example, when the user circuit contains multi- 
input multiplexers, the number of small-sized logical 55 
blocks to be divided increases in a case where the multi- 
plexers are constructed of (1) the small-sized logical 
gates (e.g., combinational logical circuits) allocated to 
the small-sized logical blocks and (2) the programmable 
wires. A large proportion of the programmable portions 60 
(small-sized logical gates and wires) in the programma- 
ble logic device are consumed, resulting in such a prob- 
lem that the gate using efficiency decreases. 

BRIEF SUMMARY OF THE INVENTION 

65 

It is a primary object of the present invention, which 
obviates the foregoing problems, to provide a semicon- 
ductor integrated circuit capable of improving a gate 
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using efficiency of small-sized logical blocks possible of 
programming. 

To accomplish the above-described object, according 
to a first aspect of the present invention, there is pro- 
vided a semiconductor integrated circuit having electri- 
cally writable functions, comprising: a plurality of logi- 
cal blocks having electrically writable functions; and 
wire elements capable of programmably connecting the 
logical blocks to each other, wherein each of the logical 
blocks includes a gate element having a control terminal 
connectable to output terminals of a plurality of other 
logical blocks, and the gate element is brought into a 
high impedance state when a signal assuming a prede- 
termined level is inputted to the control terminal of the 
gate element with the result that an output of the logical 
block becomes unable. 

Preferably, said gate element is a tri-state output gate 
element. 

According to a second aspect of the invention, there 
is provided a semiconductor integrated circuit having 
electrically writable functions, comprising: a plurality 
of logical blocks having electrically writable functions; 
and wire elements capable of programmably connecting 
the logical blocks to each other, wherein the respective 
logical blocks are wired -connected in common to at 
least one of other logical blocks through wire elements 
and include output gates capable of programmably con- 
structing a logical block group for attaining a predeter- 
mined logical function, and outputs of the output gates 
are given forth while taking a logical sum with an out- 
put of at least one other wired-connected logical block. 

According to a third aspect of the invention, there is 
provided a semiconductor integrated circuit having 
electrically writable functions, comprising: a plurality 
of logical blocks having electrically writable functions; 
and wire elements capable of programmably connecting 
the logical blocks to each other, wherein each of the 
logical blocks includes a programmable gate element 
having a control terminal, and the programmable gate 
element assumes a first state of a totem-pole output and 
a second state of an open drain output 

Preferably, an output terminal of said logical block is 
programmably connectable to one of power source 
terminals via a sesistor element. 

Preferably, in the above aspect, a logic of said control 
terminal of the programmable gate element can be in- 
verted. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and advantages of the present invention 
will become apparent during the following discussion 
taken in conjunction with the accompanying drawings, 
in which: 

FIG. 1 is a block diagram showing one embodiment 
of a logical block used for a semiconductor integrated 
circuit in a first aspect of the present invention; 

FIGS. 2(a) and 2(b) show a circuit diagram based on 
a MIL notation in one embodiment of a tri-state gate 
depicted in FIG. 1; 

FIG' 3 is a circuit diagram showing a case where the 
tri-state gate is composed of a CMOS; 

FIG. 4 is a circuit diagram showing an example 
where a eight-input multiplexer is constructed based on 
a logical structure according to the present invention; 

FIG. 5 is a circuit diagram showing an example 
where the eight-input multiplexer is constructed by use 
of the logical block illustrated in FIG. 1; 
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FIG. 6 is a circuit diagram showing an example wire group, thereby making it possible to attain a de- 
where an OR circuit is constructed based on wired- sired circuit function with a high density, 
logic; ... Further, in a aspect mode of the present invention, 

FIG. 7 is a circuit diagram showing an example the output terminals of the logical block group are 
where a multi-input OR circuit is constructed by use of 5 wired-connected through programmable wires for at- 
the logical blocks employed for the semiconductor taining one logical function. Taken virtually is the 
integrated circuit in a second aspect of the present in- wired OR of logical signals outputted from the wired- 
vention; connected output terminals. Hence, the group of logical 

FIG. 8 is a circuit diagram showing one embodiment blocks are directly connectable through the program- 
ed a gate element used for the semiconductor integrated 10 mable wires. It is therefore feasible to reduce the num- 
circuit in a third aspect of the present invention; ber of gates and improve a gate using efficiency. 

FIG. 9 is an equivalent circuit diagram showing one Moreover, in a third aspect of the present invention, 
mode of using the gate element illustrated in FIG. 8; a programmable gate element including a control termi- 

FIG. 10 is a circuit diagram illustrating a logical nal is connected to an output terminal of a combina- 
block configured by using the equivalent circuit of the 15 tional logical unit of the logical block. This gate element 
gate element depicted in FIG. 9; is used, e.g., as a tri-state output gate capable of switch- 

FIG. 11 is an equivalent circuit diagram showing ing the above-mentioned enable state and the high impe- 
another using mode of the gate element depicted in dance state in the first aspect as a first mode (state) of 
FIG - the totem-pole output On the other hand, the gate 

FIG. 12 is a circuit diagram illustrating a logical 20 element can be used for constructing a wired OR func- 
block configured by using the equivalent circuit of the tion by making possible the wired connection in the 
gateelementdepictedinFIG.il; above-mentioned second aspect as a second mode 

FIG. 13 is a circuit diagram showing one embodi- (state) of an open drain output Therefore, as in the same 
ment of a multi-input OR circuit constructed by using way with the first and second aspects, the output termi- 
the logical blocks depicted in FIG. 12; i:> nals of each logical block group are directly connect- 

FIG. 14 is a circuit diagram showing one example of able through the programmable wire elements. Further, 
a wired OR circuit equivalent to the OR circuit de- the desired circuit function is attainable with a less num- 
picted in FIG. 13; ber of logical blocks than in the prior arts. Namely, the 

FIG. 15 is a circuit diagram showing another embodi- 3Q number of gates required can be reduced, and the gate 
ment of the gate element used for the semiconductor using efficiency can be improved, 
integrated circuit of the present invention; In addition, when the output tenninals of the logical 

FIG. 16 is a block diagram showing the other em- blocks are programmably connectable to one of the 
bodiment of the logical block used for the semiconduc- power source terminals via a resistor element, it is possi- 
tor intergrated circuit of the present invention. 35 ble to achieve a programmable device including the 

FIG . 17 is a schematic diagram illustrating a pro- resistor element which is required to achieve a wired 
grammable logic device including the small-sized logi- logic in the aforementioned second and third aspects of 
cal blocks; the present invention. 

FIG. 18 is a circuit diagram illustrating a construction Based on the logical structure of the above-described 
of a conventional logical block; ^ logical blocks, according to the present invention, the 

FIGS. 19a and 19b show a circuit diagram illustrating logical blocks are directly connected to each other with 
a structure of a buffer of the logical block depicted in respect to the outputs of not only the combinational 
FIG. 18; and logical circuits but also flip-flops (FFs) and selectors. 

FIG. 20 is a circuit diagram showing an example The output terminal thereof can be thereby controlled, 
where the eight-input multiplexer is constructed by use 45 A semiconductor integrated circuit according to the 
of the conventional logical blocks depicted in FIG. 18. present invention will hereinafter be described in detail 
DETAILED DESCRIPTION OF THE by way of P referred embodiments illustrated in the 

INVENTION accompanying drawings. 

FIG. 1 shows one example of a logical block used for 

According to the present invention, small-sized logi- 50 a programmable logic device defined as a semiconduc- 
cal blocks are directly connected to each other to form tor integrated circuit of the present invention. A logical 
one logical block group. A desired logical circuit can be block 10 depicted in FIG. 1 is composed of a plurality of 
thus configured. It is therefore possible to construct the gates. In accordance with a first mode of the present 
desired logic more easily than by the conventional logi- invention, the logical block 10 includes a programmable 
cal blocks. The number of gates to be employed can be 55 combinational logical unit 12 and a tri-state output gate 
reduced, and a gate integration density can be also im- (hereinafter referred to as a [3-state gate]) 14. 
proved as a whole semiconductor integrated circuit The combinational logical unit 12 comprises a pro- 

For this reason, as in a first aspect of the present grammable logic device (PLD) formed of an OR plane 
invention, there is provided a gate element with a con- and an AND plane having programmable product term 
trol terminal which is connected to an output tenninal 60 lines and a circuit, provided with a memory for storing 
of a combinational logical unit of a logical block. The a logic specification per input combination, for obtain- 
control terminal of this gate element is capable of ing a logical output based on a table look-up system, 
switching an output signal of the logical block to an Shown in the Figure are four inputs of this combina- 
enable state and a high impedance state. Besides, the tional logical unit 12, however, this is not a limited 
control terminal of the gate element is connected to the 65 number. There are other cases where the number of 
output terminals of other logical blocks and then con- inputs is 2 or 8, etc. Further, an output terminal of the 
trolled. Hence, the output terminals of the logical block combinational logical unit 12 is connected to the 3-state 
group are directly connected to each other through a gate 14 constituting an output buffer unit thereof. 
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The 3-state gate 14 is a gate assuming, in addition to 
outputs H, L of an ordinary gate, a state known as a 
high impedance (shown by Z) which is neither H nor L. 
The high impedance state is equivalent to a state where 
the output is disconnected. The 3-state gate 14 depicted 5 
in FIG. 2(a) is expressed by a MIL symbol based de- 
scription in FIG. 2(b). Referring to FIG. 2(b), the sym- 
bol A designates an output of the combinational logical 
unit 12, C represents a control signal, and Y indicates an 
output of the 3-state gate 14. The 3-state gate 14 in- k> 
eludes: a NOR gate 32 for taking NOR of signals A and 
C; an inverter 33 for inverting the signal C; a NAND 
gate 34 for taking NAND of the signal A and the output 
of the inverter 33; a P-channel MOS transistor (herein- 
after abbreviated to PchMOS or PMOS) 35 in which 15 
two (drain) electrodes are connected in series; and an 
N-channel MOS transistor (hereinafter abbreviated to 
NchMOS or NMOS) 36. The output of the NAND gate 

34 is connected to the gate electrode of the PMOS 35, 
and one electrode (source electrode) thereof is con- 20 
nected to a power supply Vdj> On the other hand, the 
output of the NOR gate 32 is connected to the gate 
electrode of the NMOS 36, while the other electrode 
(source electrode) thereof is earthed. The output Y is 
taken out of a connecting portion between the PMOS 25 

35 and the NMOS 36. The 3-state gate 14 is thus con- 
structed. Further, FIG. 3 illustrates one example of the 
circuitry of the 3-state gate depicted in FIG. 2 config- 
ured by a CMOS. The PMOS 35 and the NMOS 36 on 
the output side are simultaneously turned OFF to create 30 
a high impedance state in the thus constructed 3-state 
gate. 

The 3-state gate described above operates as shown in 
the following operation table. As shown in the opera- 
tion table, when the control signal C is *X>" (i.e., L with 35 
positive logic), the function is the same with an ordinary 
buffer. On the other hand, when the control signal is 
"1" (viz., H with positive logic), the output Y assumes 
the high impedance 2. 



C LLHH 
A HLHL 
Y HLZZ 



The following is an explanation of an example where 45 
a logical block group for attaining a multiplexer func- 
tion is constructed by use of a plurality of the thus con- 
figured logical blocks 10. 

An eight-input multiplexer is, when the 3-state gate is 
constructed by using the logical blocks including the 50 
3-state gates at the output terminals thereof, is demon- 
strated by simple circuitry illustrated in FIG. 4. In this 
Figure, the construction is based on four-input NAND 
elements 26, 28 and a switching element for switching 
the outputs from the NAND elements in accordance 55 
with a signal from a selector SEL. FIG. 5 shows a case 
where the eight-input multiplexer is configured by use 
of the logical blocks according to the present invention. 
This Figure depicts circuitry for constituting the 8- 
input multiplexer when being programmed so that one 60 
logical block incorporates, e.g., four-input NAND 
function. In this Figure, the 8 inputs are separated into 
two blocks, i.e., a four-input logical blocks 10A and a 
four-input logical block 10B. Still another logical block 
10C is further prepared for constituting the selector 65 
SEL for supplying the control signals C to the 3-state 
gates serving as switch elements of the logical blocks 
10A, 10B. FIG. 5 illustrates a result which the eight- 
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input multiplexer is divided a group of these logical 
blocks and a situation where these logical blocks 
10A-10C are wired by a group of programmable wires. 

The logical blocks 10A and 10B include combina- 
tional logical units 12A and 12B, respectively. These 
combinational logical units 12A and 12B respectively 
attain the 4-input NAND functions and are connected 
to 3-state gates 14A and 14B connected at the rear stage. 
A control input terminal of the 3-state gate 14A is con- 
nected to an output terminal of the logical block IOC to 
which the select signal SEL is inputted from external 
elements. Besides, a control input terminal of die 3-state 
gate 14B is connected to an input terminal of the logical 
block IOC. The logical block 10C consists of a combina- 
tional logical block 12C incorporating an inverter func- 
tion and a 3-state gate 14C, having its control input 
terminal to which signal L is inputted, for attaining a 
buffer function. The logical block 10C as a whole per- 
form a function to generate a inverted signal of the 
selector signal SEL. 

The embodiment in the first aspect of the present 
invention has been described so far. This embodiment 
has dealt with the case where the 8-input multiplexer is 
constructed of the three 4-input logical blocks. The 
present invention is not, however, limited to this con- 
struction. Other multiplexers such as, e.g., a 16-input 
multiplexer, a 32-input multiplexer or a multi-input 
multiplexer can be, as a matter of course, constructed by 
similarly employing the logical blocks. Besides, the 
respective logical blocks are connected by the program- 
mable wires and are connectable to a variety of logical 
blocks. The interconnections are not necessarily limited 
to the adjacent logical blocks. Further, the respective 
logical blocks are directly connected through selectors 
each consisting of one logical block. Hence, there are 
exhibited such effects that the numbers of the used logi- 
cal blocks and gate elements can be made smaller than 
in the prior art circuitry, and the gate using efficiency 
can be more improved than in the conventional cir- 
cuitry. 

FIG. 20 demonstrates a constructive example where 
the conventional logical blocks illustrated in FIG. 18 
are employed for attaining the 8-input multiplexer de- 
picted in, for instance, FIGS. 4 and 5. A logical block 
110 of FIG. 18 is composed of a 4-input/ 1 -output com- 
binational logical circuit 112 and an output buffer 114 
connected to an output terminal of the combinational 
logical circuit 112. The output buffer 114 shown in 
FIG. 19(a) is constructed by, as illustrated in FIG. 
19(6), cascade-connecting two inverters 116 and 118. A 
circuit for attaining the 8-input multiplexer by using the 
above-mentioned conventional logical blocks 110 con- 
sists of: 4-input NANDs 120 and 122; two pieces of 
2-input ANDs 124 and 126 for taking logical products 
of outputs from the two NANDs 120 and 122 and out- 
puts from other unillustrated circuit; and an OR 128 for 
taking a logical sum of outputs from the ANDs 124 and 
126. Four pieces of logical blocks are used for constitut- 
ing the above-described multiplexer. Therefore, in the 
conventional example shown in FIG. 20, four pieces of 
logical blocks are employed in contrast with the ar- 
rangement that the multiplexer is constructed of the tree 
logical blocks in the present invention, and the number 
of the logical blocks employed is greater by 1 than the 
former. 

An embodiment in a second aspect of the present 
invention will be described by giving an example where 
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a circuit for taking a logical sum A-f B of the signals A a circuit function defining signal Q2 is inputted to the 
and B is obtained by a wired-connection. other input of the AND gate 38. An output of this AND 

To begin with, FIG. 6 illustrates simple circuitry for gate 38 is connected to a gate electrode of an NMOS 36. 
taking the logical sum of the two input signals A and B Note that the circuit function defining signals Qi, Q2 
by the wired-connection. Referring to this Figure, the 5 are signals given from an unillustrated memory device 
configuration is such that one source/drain electrodes for defining the circuit function of the semiconductor 
of NMOS transistors 30A and 30B are connected in integrated circuit of this invention. The memory device 
common, while the other source/dram electrodes for defining the circuit function may involve the use of 
thereof are earthed; a supply voltage Vnn is connected an EPROM, an SRAM and an EEPROM attained by 
via a resistor element R to a common wire to which the 10 known techniques. 

foregoing one source/drain electrodes are connected in Now, the operation of the gate element illustrated in 
common; and an output terminal Y is provided at the FIG. 8 will be explained. 

other end of the common wire. To begin with, the signal Qi assumes "L", while the 

FIG. 7 shows a case where the circuit of FIG. 6 is signal Q2 assumes "H". At this moment, the output of 
constructed of two pieces of logical blocks 10D and 15 the OR gate 37 becomes "H", therefore the PMOS 35 is 
10E. The logical blocks 10D and 10E are respectively turned OFF. Because of the signal Q2 being "H", the 
composed of 4-input combinational logical units 12D AND gate 38 directly outputs the output of the NOR 
and 12E and NMOS transistors 30D and 30E. One out- gate 32 and then inputs it to the gate electrode of the 
puts of the NMOS transistors 30D and 30E are con- NMOS 36. Namely, the output Y of the gate element 15 
nected in common by a programmably connectable 20 assumes a state of an open drain output of the NMOS 
wire element This common connecting wire is con- 36. Hence, when Qi="L" and Q2="H" the gate ele- 
nected via the resistor element R to the supply voltage ment 15 exhibits a circuit function equivalent to a gate 
Vdd and also to an output Y. element 40 of the open drain output which is shown in 

In the thus constructed logical block group, the signal FIG. 9. Therefore, it follows that the logical block 10 
A is supplied to one terminal of the logical block 10D, 25 including the gate element 15 as an output buffer incor- 
while the signal B is supplied to one terminal of the porates the circuit function equivalent to a programma- 
logical block 10E. Then, the signals A and B are output- ble logical element (logical block) 42 illustrated in FIG. 
ted respectively from the combinational circuits 12D 10. It is therefore possible to easily construct a wired 
and 12E and supplied to gate terminals of the NMOS OR circuit shown in FIG. 6 or 7 by wired-connecting 
transistors 30D and 30E. The NMOS transistors 30D 30 the output terminals of the logical blocks 42 illustrated 
and 30E are thereby turned ON or OFF. A logical sum in FIG. 10. 

of the signals A and B is, after being wired-ORed in the Next, the signal Q2 assumes "L", while the signal Qt 
wired -connected common connecting wire correspond- assumes "H". At this time, since the signal Q2 is "L", the 
ing to the ON/OFF states of the NMOS transistors 30D output of the AND gate 38 is also "L". Consequently, 
and 30E, outputted from the output terminal Y. 35 the NMOS 36 is turned OFF, while the signal Qi as- 

There has been explained so far the example of taking sumes "H". For this reason, the OR gate 37 directly 
the logical sum of the two signals with respect to the inputs the output of the NAND gate 34 to the gate 
wired connection in the second aspect . However, this electrode of the PMOS 35. Therefore, the output Y of 
is, as a matter of course, applicable to a case of a multi- the gate element 15 assumes a state of the open drain 
input logical sum. In addition, the same logical function 40 output of the PMOS 35. Hence, the gate element 15 at 
with the embodiment in the first aspect is attainable. this moment exhibits a circuit function equivalent to a 

Further, the logical blocks including the 3-state gates gate element 44 which is in the open drain output state 
shown in FIG. 1 and the wired-connected NMOS tran- shown in FIG. 11. A logical circuit element 39 is an 
sistors are changed over by selectors or the like accord- element incorporating a logical function combined with 
ing to the applications thereof, whereby one logical 45 the inverter 33 and the NAND gate 34. For this reason, 
block placement is also possible. this implies that the logical block 10 having the gate 

Next, a semiconductor integrated circuit in a third element 15 as an output buffer exhibits a circuit function 
aspect of the present invention will be described with equivalent to a logical block (PLE) shown in FIG. 12. 
reference to FIGS. 8 through 15. Consequently, the logical circuit block 46 illustrated 

FIG. 8 is a circuit diagram of circuitry described by 50 in FIG. 12 is employed, and the output terminal thereof 
the MIL symbols in one embodiment of a gate element is wired-connected. Thus, it is possible to construct a 
used for the output buffer unit of the logical block ac- wired OR circuit 48 in which a logical sum (OR) of the 
cording to the present invention, illustrating a gate signals A and B shown in FIG. 13 is attained by the 
element 15 employed in place of the 3-state gate 14 in wired connection. The following is a construction of 
the logical block 10 of FIG. 1. Excepting an OR gate 37 55 the wired OR circuit 48 depicted in FIG. 13. One sour- 
and an AND gate 38, the gate element 15 depicted in ce/drain electrodes of two PMOSs 35A and 35B are 
FIG. 8 has the same construction as that of the 3-state connected in common, and this common connecting 
gate 14 illustrated in FIG. 2. The same components are wire is earthed through the resistor element R. The 
marked with the like numerals, and the description other source/drain electrodes of the PMOSs 35A and 
thereof is omitted. 60 35B are connected respectively to the supply voltage 

In the gate element 15, as depicted in FIG. 8, an Vdd- Further, the output terminal Y is provided at one 
output of a NAND gate 34 is connected to one input of end of the common connecting wire. The signals A and 
the OR gate 37. Negative logic (QI: inverted value of B are inputted individually to the gate electrodes of the 
QI) of a signal Qi for defining a circuit function is input- PMOSs 35 A and 35B. 

ted to the other input of the OR gate 37. An output of 65 The above-mentioned wired OR circuit 48 can be 
this OR gate is connected to a gate electrode_of the constructed of logical circuit blocks 46D and 46E illus- 
PMOS 35. On the other hand, an output of a NOR gate trated in FIG. 14. The logic blocks 46D and 46E can be 
32 is connected to one input of the AND gate 38, while obtained by means of inputting the signal "0" to the 



02/14/2004, EAST version: 1.4.1 



5,338,982 

9 10 

input terminal of the logic block as shown in FIG. 12. way that the switch 53 bypasses the programmable 

The wired OR circuit shown in FIG. 14 is herein com- switch 51 and the inverter 52 so that the logic of the 

posed of the logical blocks 46D and 46E composed of control terminal can be programmably inverted. The 

4-input/l -output combinational logical circuits 12D and gate element having the control terminal whose logic 

12E and PMOSs 35D and 35E the outputs of which are 5 can be inverted is not limited to the tri-state gate 15, and 

connected to the gate electrodes. The outputs of these may be a gate element such as shown in FIG. 7, FIG. 8 

two blocks 46D and 46E are wired-connected and and FIG. 15, and a programmable gate element 

earthed through the resistor element R. On the other As depicted in FIG. 17, the logical blocks in which a 

hand, the other electrodes of the PMOSs 35D and 35E variety of gate elements are employed as output buffers 

are connected respectively to the supply voltage Vdd. 10 are usable in the form of the programmable logic ele- 

The signals A and B are inputted to one input terminals ments 10 for the programmable logic device (PLD) 

of the two blocks 46D and 46E and further to the com- defined as the semiconductor integrated circuit of the 

binational circuits 12D and 12E. The signals are then present invention. It is to be noted that the embodiments 

outputted therefrom and supplied to the gate electrodes given above have dealt with the example where each 

of the PMOSs 35D and 35E. The PMOSs 35D and 35E 15 circuit consists of the CMOS but may be of course 

are turned ON or OFF depending on the signal states. constructed of a TTL. Besides, when being composed 

Outputted to the wired-connected output terminal Y is of a CMOS, either the NMOS or the PMOS may be 

a wired OR of the signals A and B, i.e., a logical sum employed. 

thereof. The present invention is not limited to the embodi- 

As discussed above, when the gate element 15 as- 20 ments discussed above but may be modified and 

s umes the second state of the open drain output, the changed in many ways. For instance, the logical block 

logical block 10 is wired-connectable, and the logical shown in FIG. 1 may incorporate an added element 

sum can be outputted. such as a flip-flop properly wired to constitute other 

Next, when the signal Qi is "H" and the signal Q2 is functions, e.g., a counter, a shift register, etc. by pro- 

"H", the OR gate 37 directly inputs the output of the 25 gramming. The logical block can be provided with a 

NAND gate 34 to the gate of the PMOS 35 because of variety of functions corresponding to the applications, 

the signal Qi being "H". The AND gate 38 directly According to the present invention, the small-sized 

inpu^the output of the NOR gate 32 to the gate of the blocks are directly connected to each other to form one 

NMOS 36. Namely, the output Y of the gate element 15 logical block group. The output control of the logical 

assumes a state of a totem-pole output between the 30 block group is executed in concentration by one or 

PMOS 35 and the NMOS 36. Therefore, it follows that more logical blocks, thereby configuring a desired logi- 

the gate elements 15 illustrated in FIG. 8 has the cir- cal circuit Hence, the desired logic is structured more 

cuitry equivalent to the 3-state gate (buffer) 14 shown in easily than by the conventional logical blocks. The 

FIG. 2(b) and performs absolutely the same operation. number of logical blocks, viz., the gates employed can 

Hence, the description thereof is omitted. 35 be reduced. A gate integration density can be improved 

Note that when both of the signals Qi and Q2 assume as a whole semiconductor integrated circuit. 

"L", the outputof the OR gate 37 becomes "H" because What is claimed is: 

of the signal Qi being "L". The PMOS 35 is turned 1. A semiconductor integrated circuit having electri- 

OFF, and, since the output of the AND gate 38 is "L", cally writable functions, comprising: 

the NMOS 36 is turned OFF. The gate element 15 40 a plurality of logical blocks having electrically writ- 

therefore outputs nothing to make the output of the able functions; and 

logical block 10 unable. wire elements capable of programmably connecting 

As discussed above, the gate element 15 makes it said logical blocks to each other, 

possible to make unable the output from the logical wherein each of said logical blocks includes a gate 

block in the first state of the totem-pole output. On the 45 element having a control tenninal connectable to 

other hand, the logical sum output can be executed by output terminals of a plurality of other logical 

making possible the wired connection of the logical blocks, and said gate element is brought into a high 

block in the second state of the open drain output impedance state when a signal assuming a predeter- 

The resistor element for the construction of a wired mined level is inputted to said control terminal of 

logic circuit is disposed within the logic block, and a 50 said gate element to disable output of said logical 

NMOS 49 which can be controlled by a signal Q3 is block. 

disposed between the output terrninal Y of the gate 2. The semiconductor integrated circuit according to 

element 15 and a power source voltage Yoi>as shown in claim 1, wherein said gate element is a tri-state output 

FIG. 15 so that the NMOS 49 is connected to the power gate element 

voltage Vdd via a resistor R in order to programmably 55 3. The semiconductor integrated circuit according to 

interconnect the output terminal Y and one of the claim 1, wherein a logic of said control terminal of the 

power source terminals. Incidentally, the signal Q3 is a gate element can be inverted. 

circuit function defining signal as in the case of the 4. A semiconductor integrated circuit having electri- 

signals Qi and Q2 and is given from the memory device cally writable functions, comprising: 

for defining the above-mentioned circuit function. The 60 a plurality of logical blocks having electrically writ- 

NMOS 49 is turned on and off according to the state of able functions; and 

the signal Q3 to achieve a resistor element for the forma- wire elements capable of programmably connecting 

rion of the wired logic. said logical blocks to each other, 

As shown in FIG. 16, an inverter 52 is connected to wherein each of said logical blocks includes a pro- 
the control terminal of the tri-state gate 14 of the logic 65 grammable gate element having a control terminal, 
block 50 via a programmable switch 51, and a program- an output of said programmable gate element of 
mable switch 53 is also connected to the tri-state gate 14 said logical block is connectable to one of the con- 
in parallel with the programmable switch 51 in such a trol terminal and the output of an other of said 



02/14/2004, EAST version: 1.4.1 



11 



5,338,982 



programmable gate elements, and said 

ble gate element assumes a first state of a totem- 
pole output and a second state of an open drain 
output 

5. The semiconductor integrated circuit according to 
claim 4, wherein an output terminal of said logical block 



12 



is programmably connectable to one of power source 
terminals via a resistor element 

6. The semiconductor integrated circuit according to 
claim 4, wherein a logic of said control terminal of the 
programmable gate element can be inverted. 
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